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The development of an immunity through processes other than
those of a purely passive nature may be regarded as dependent upon
three basic principles. First, there must be some agency or force
to exert a stimulation; second, there must be a being-of complex
antigenic pattern and serologic structure-to undergo the stimula-
tion; and third, there must be response,-expressed as increased
resistance, augmented antibody content, the establishment of an
allergic state, or some combination of reactions of this character.
Of these three basic factors, the first and the third have received
abundant attention; the second has been largely neglected, despite
the fact that common experience indicates that within the reacting
tissues reside the elements which determine whether or not the re-
sponse takes place at all, and if it occurs, whether it will be great or
small. An increasing understanding of the importance of concur-
rence of antigenic materials is serving to explain many hitherto
obscure phenomena. Nevertheless, the tendency prevails to regard
the protoplasm of all individuals of a given species,-rabbits, for
example,-as essentially the same, and when the inevitable differ-
ences in response toantigenic stimulation become apparent, to dismiss
the matter as simply an expression of individual variability. But
"individual variability" merely defines an observed condition; it
explains nothing as to causes or mechanisms involved.
It will doubtless be long before an explanation for such variabil-
ity in serologic and immunologic reactions will be at hand; certainly
it will not be available before more is known of the medium within
which such reactions take place.
The present report does not purport to answer any of these ques-
tions in any way; it is designed merely to record certain observed
facts relative to three antibodyelements that may be found in human
sera. It is not suggested that any, or all, of these three antibodies
bear any relationship whatever to immunity or to the capacity to
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react serologically or immunologically, or that they are of any
practical importance in any connection. It is intended merely to
record the data, showing certain relationships between these anti-
bodies and other recognizable differences in individuals, as evidence
that serologic patterns may greatly differ.
Heteroagglutinins for sheep, mouse, and hen erythrocytes were
the antibodies studied, with particular regard to the concentration
reached. That such antibodies occur more or less frequently in
human sera has, of course, long been known; but in so far as I am
aware no quantitative titrations of any large number of human sera
have been made, nor have they been correlated with age, sex, or
blood group, either as regards occurrence or quantity present.
The sera tested were those submitted to the laboratory for routine Was-
sermann or Kahn testing or for blood grouping. As used for the present
test they were inactivated, serial dilutions in tubes were made, slide prepara-
tions with the appropriate red cells were arranged, and readings were made
under the microscope after a uniform period (30 min.) at room-temperature.
The degree of agglutination was recorded as +, ++, +++, or ++++
(complete, with all cells in compact masses), or as 0 (no agglutination).
For obtaining comparative values for the sera each dilution showing agglutina-
tion by a serum was multiplied by the dilution factor, the sum representing
the titer. Although most certainly a figure so obtained does not represent
in absolute value the agglutinin units present, for purposes of comparison such
figures may serve, and for discussion the term "units" may be employed.
Occurrence ofsheep, mouse,andhenheteroagglutinins inhuman sera.
Complete titrations are available for agroup of 847 sera. When
the results with these, without differentiation as to age, sex, or any
other characteristic, are summarized it may be said that only 6.1 per
cent (52 sera) failed to show heteroagglutinin for sheep cells; that
approximately twice as many, 13.7 per cent (116 sera), lacked
heteroagglutinin for mouse cells; and that a much higher percent-
age, 34.3 (291 sera) contained no demonstrable antibody for hen
cells. These figures deal solely with presence or absence of aggluti-
nin and do not take into consideration differences in titer which,
as will be shown, may vary widely.
Quite obviously, antibody for hen erythrocytes is far less common
than are antibodies for the mammalian cells tested. In this con-
nection it may be added that heteroagglutinin for rabbit cells is
almost uniformly found, and to considerable titers; of 152 sera
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tested for this agglutinin it was lacking in but 2, one of these the
serum of an infant of 8 weeks lacking all agglutinating action, the
other, the serum of a premature infant.
The average titer for each of the three agglutinins measured in
this same group of 847 sera was: for the more commonly found
sheep cell agglutinin, 48 units; for the less frequent mouse cell
agglutinin, 96 units; while for the antibody to hen cells the low
average value of but 6.4 units was obtained. These averages are
for all sera, including those which were negative; thus, despite the
fact that there was a much higher percentage of sera lacking aggluti-
nin for mouse cells as compared with sheep cells, the titer of anti-
body for mouse cells istwice as high as is that for sheep cells. Quite
clearly, potency and frequency of occurrence have nothing in
common. The agglutinin titer for hen cells is uniformly low, mean-
ing, in effect, that but relatively few sera, when diluted, effect com-
plete agglutination of these cells.
It is, of course, possible that these differences in the action of
human sera on the cells ofdifferent species maynot be solely a matter
of the antibody content of the serum; inherent characters in the
cells acted upon may render certain types more easily influenced by
antibody than are others. Further, it is possible thati modification
in the method of testing-a longer period of contact between serum
and cell, or incubation at a higher (or lower) temperature might
alter the results. But under the conditions of the experiment, the
differences are clearly defined and suggest that for some cause unde-
termined and through some mechanism unknown most men acquire
heteroagglutinin for sheep cells, somewhat fewer of us gain anti-
body-but more ofit-for mouse cells, and about a third of us never
succeed in developing antibody for hen cells. Whether advantage
or handicap attends such differences remains unsolved.
Relation of age to sheep, mouse, and hen heteroagglutinins.
Data with reference to the isoagglutinins show clearly a relation-
ship between titer and age. That this condition extends as well to
the heteroagglutinins is indicated by the graph (I), wherein are
expressed in terms of unit value averages the levels attained for
different age groups. rhe same 847 sera were used.
Inasmuch as a subdivision of the sera into age groups leads, since
the sera for testing were not selected especially for this type of anal-
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Age group
Less than I year ................
1-5 yrs............................
6-10 yrs.. .....................
11-20 yrs. .........................
21-30 yrs..........................
31-40 yrs.........................
41-50 yrs.. ...................
5 1-60 yrs.. ....................
61-70 yrs... ...................
71-80 yrs.. .....................
81 and older ...................
Number of
sera
27
24
51
141
185
131
89
95
67
33
4
hen 0.8 25
395
Test cells
sheep
mouse
hen
sheep
mouse
hen
sheep*
mouse
hen
sheep
mouse
hen
sheep
mouse
hen
sheep
mouse
hen
sheep
mouse
hen
sheep
mouse
hen
sheep
mouse
hen
sheep
mouse
hen
sheep
mouse
Average
titer
3.6
20.6
0.7
138.2
126.0
6.5
65.5
168.9
6.2
55.4
106.7
8.9
66.6
123.8
6.7
34.4
151.3
8.8
23.7
72.0
2.8
34.3
70.2
9.2
36.6
29.2
1.7
13.2
47.2
1.5
3.5
5.7
Percent
negative
59
41
74
0
4
25
0
4
31
0
9
29
4
9
31
4
9 9
30
6
15
36
3
20
37
10
24
43
27
30
48
0
0
The marked difference between the one-to-five and the six-to-ten
age groups, with the sheep cell agglutinin value of the latter but
haJf of the value for the first, is not easy to explain; throughoutYALE JOURNAL OF BIOLOGY AND MEDICINE
the span between 1 and 20 years no single serum lacked this
antibody.
The antibody levels for mouse cells show much the same trend,
although it may be pointed out that a comparatively high level for
this agglutinin persists some-
50 t PERCENT OF SERA () what longer than is the case for
LACKING SHEEP CELL the sheep heteroagglutinin.
40 AGGLUTININ Hen heteroagglutinin seems to
30 _ be retained at its maximum,
20[ ^ though low, level for an even
10 longer period.
However great may be the
errors arising from thus titrat-
ing such unselected samples,
40 PER CENT LACKING it would seem quite certain
MOUSE CELL AGGLUTININ that titers for all types of cell
30 Iare but low in infants and that 20_ _ there is a tendency for these
o0 low values to be reached again
in the aged. Whether these
fluctuations are -to be inter-
preted, as is commonly the
70__ PERCENT LACKING case, as expressingvariations in
~~HEN CELL AGGLUTININ* r * 6o_ the quantity of antibody or as
50 - expressions of qi4aitative
changes remains to be deter-
mined. In this connection, the
3 _ frequencywith whichagglutin-
deficient sera are encountered
10 in the different age groups
lii7 .~ may be pertinent. Graph II
presents these data.
GRAp II As stated above, for two
(sheep andmouse) ofthethree
types of cell here used it is the usual condition for the individual to
possess agglutinin in some degree. Alack in hen cell agglutinin may
beexpected in about one-third of humansera. Whentheseantibody-
deficient sera are allocated to their appropriate age-groups, with per-
centages determined upon the basis of all sera falling within each of
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the groups, it again becomes apparent that the two extremes-infancy
and old age-tend serologically to meet. In all instances the high-
est percentage of antibody-free sera is with sera of persons of less
than one year of age; doubtless, if sufficient numbers of sera were
available so that this group could be further subdivided, it would
be found that heteroagglutinins are the exception at birth and as
extra-uterine life progresses become more and more common. At all
events, during the first year they are lacking for sheep cells in about
three-fifths, for' mouse cells in about two-fifths, and for hen cells
in three-fourths of sera. Thereafter, for a period, apparently all
persons exhibit sheep cell agglutinin, somewhat more than 90 per
cent develop antibody to mouse cells, while at least a fourth never
acquire demonstrable agglutinin for hen cells. But once acquired,
these antibodies do not necessarily remain as a permanent serological
character, for as the graph showsthere is, with increasing age periods,
an increasing percentage of persons in whom the agglutinins are no
longer to be found. If, of persons in the seventh decade of life
only three-fourths have sheep cell agglutinin, whereas during the
adolescent period all persons have such antibody either question
would be pertinent: Why do certain individuals lose their antibody?
Or, through what mechanism is it retained in others? Or, indeed,
has there been a selection upon some other basis? To explain either
the occurrence or the persistence of these antibodies upon the basis
of an initial or a continued specific antigenic stimulation would be
difficult.
Relation of sex to heteroagglutinins for sheep, mouse, and hen cells.
The data presented above bearing on the occurrence and the
potency of agglutinins in an unselected group of 847 sera clearly
indicate that serological patterns may vary widely. Obviously, age
is in some measure a determinant of this pattern. Other factors
may influence, or may correlate with, these antibodies; sex, natur-
ally, may be considered.
For this analysis there were available titrations on 906 sera
(included are the 847 used in the preceding tabulations), of which
414 were derived from males, 492 from females. Both the fre-
quency of occurrence and the average potency for the three antigens
are indicated in the graph (III). The tabulated data serving as a
basis forthe graph may be summarized as follows:
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Of 414 male sera-
6.0 per cent failed to agglutinate sheep cells
15.4 per cent failed to agglutinate mouse cells
36.7 per cent failed to agglutinate hen cells
Of 492 female sera-
3.8 per cent failed to agglutinate sheep cells
12.0 per cent failed to agglutinate mouse cells
29.8 per cent failed to agglutinate hen cells
While these figures are not markedly different, there is through-
out a definite tendency for heteroagglutinin for each of the three
types of cell to be lacking
MALE FEMALE MA.E FEMALE in male sera more fre-
..J.- = o quently than in female
goOZA AVER;G sera. More striking are
S AVERAGE
so TITERS the differences referable to
PER CENT LACKIN s0 in unit
A"LUTl"" 70 sex the average unit
60 _ values for the antibodies.
so Here again, the levels are
l 40 higherin the female group
1 l ,30 than in the male. It is
to | 80suggested, therefore, that
s _ Fo _ with reference to these
particular antibodies fe-
3 h|Id males are more reactive
3 I Xe _ E serologically than are
GRA.PH III males.
Thus, if sexis a factor in
determining the amount of agglutinin present, as is also age, it
is of interest to examine the unit values of the different aggluti-,
nins for the several age groups with the sera segregated upon
the basis of sex. Figures are available for this purpose on quanti-
tative titrations of 821 sera; 366 males, 455 females. When
so subdivided the numbers in some of the groups become so small
that little value may be placed upon the average titers obtained,
and yet, despite this very apparent source of error, a graph (IV)
constructed upon the available materials reveals some fairly con-
sistent differences. The validity of conclusions based upon the
figures may, perhaps, be judged from the tabulation appearing on
page 400.
These data confirm the statement that the average titers of male
398HETEROAGGLUTININS IN HUMAN SERA
sera for sheep cells never reach the levels found in female sera, and
this is generally true also for antibody to mouse cells. But when
age, as well as sex, are taken into consideration it would seem that
the period of high average values in the male group extends over
UNITS
230
AVERAGE TITERS 220
[j~-SHEEP 20
MOMS
m - HEN20
MALE FEMALE
th a e1 spant rechn int th fit decae whres with female
sera the period of high titers is certainly terminated at 40 years.
Another point is that age, as such,-assuming here that age is the
most important differential factor,-seems to influence titers to a less
degree in the male than is the case with female sera. None of the
male groups shows theextremevariation from the general sexaverage
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seen in the groups of female sera. In other words, heteroagglutinins
in the male show a relative stability; in females, an instability, with
age exerting a markedinfluence. Such aninterpretation may, indeed,
Number , Average titers for - -
Age group of sera Sheep cells Mouse cells Hen cells
Male:
1-5 yrs. .................. 13 46 65 8.3
6-10 yrs. .... .... 26 47 60 6.3
11-20 yrs. 68 42 91 9.7
21-30 yrs. .... 67 48 93 5.3
31-40 yrs. 40 33 110 8.1
41-50 yrs. 41 28 104 2.5
51-60 yrs. 56 34 77 11.0
61-70 yrs. 37 31 20 1.4
71-80 yrs. 20 19 72 1.8
Female:
1-5 yrs. 11 244 196 4.0
6-10 yrs .25 87 219 6.4
11-20 yrs. 75 68 121 8.1
21-30 yrs. 130 67 127 6.5
31-40 yrs. 93 43 99 9.5
41-50 yrs .47 21 71 3.1
51-60 yrs. 43 33 56 6.4
61-70 yrs .29 35 33 2.1
71-80 yrs. 13 5 9 1.0
be quite fallacious, for many factors doubtless intervene to lead to
the results found, but until these factors are detected and evaluated
the conclusions expressed may be tentatively accepted.
Relation of heteroagglutinins for sheep, mouse, and hen cells to
blood group.
If it be granted that heteroagglutinins (at least, the more com-
monly found sheep and mouse varieties) occur more uniformly in
females than in males, reach higher average titers, and appear to be
more markedly influenced by the age of the individual, it might
hardly be anticipated that a serologic variable character such as
blood group isoagglutinin would play a role. With this latter type
of antibody, at least with the A-B system, sex appears to be of no
certain significance, while age, as mentioned above, correlates with
the titrable quantity present. With heteroagglutinins, variation
seems to be influenced by both sex and age. On the other hand,
400HETEROAGGLUTININS IN HUMAN SERA
the development of the iso-antibody is determined by heredity; a
very limited amount of material studied in this series of tests does
not indicate that the hetero-antibody is so governed. Itthus seemed
of interest to rearrange the data for the group of 906 sera under
test upon thebasis oftheirA-B antigen grouping. In such a random
samplingas these sera represent equal numbers are not to be found in
each of the four blood groups, a fact of some importance in attempt-
ing to interpret the averages for the heteroagglutinin titers.
The followingtabulation shows the number of individuals (of all
age classes) in each of the four blood groups, with their distribution
as to sex:
Blood group Number of sera Male sera Female sera
A .341 150 191
B.124 56 68
AB .34 16 18
0 .407 192 215
Since the percentage of sera lacking heteroagglutinin of neces-
sity modifies the average titer based on the unit values found
for all members of the
PER CENT IN EACH SLOOO GROUP LACKING AGGLUTININ e group, it will be well,
S M H S M H | M H S IJMH first, to -indicate such
30 l * . 2 relationship as may 30o exist between lack of
20. _ _ . _ _ heteroagglutinin and
_. _blood group. This is
-A | 1- AB - done in the following
GRAPH V table with the accom-
panying graph (V).
,-Percentage of sera lacking heteroagglutinin for-..
Blood group Sheep cells Mouse cells Hen cells
............... .. 5.5 11.4 32.5
B ........ ........ 6.4 19.3 42.7
AB ......... ....... 5.9 14.7 23.5
0 ........ ........ 3.7 13.7 31.7
Probably the differences here indicated are without significance,
although the unusually low percentage of group 0 sera devoid of
sheep cell heteroagglutinin is suggestive, as are also the consistently
higher figures indicating lack of antibodies of all three types in
persons of the B group. When the percentage of deficient sera for
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the B group are compared with corresponding percentages for all
sera, thus:
All sera; 6.1%o lack sheep, 13.7%o lack mouse, 34.0% lack hen
B sera; 6.4% lack sheep, 19.3%o lack mouse, 42.7%o lack hen
the frequency ofagglutinin-free sera ofthe B group becomes evident.
It has been suggested that persons of the group B type are less active
serologically in many respects; the above may simply be a reflection
of this condition. When, however, we turn to a consideration of
the antibodylevels reached
in the different blood 0 - _ _
groups, each group indud- 90 _ _
ing also those who lack a -0-
particular antibody com- 70 - -
pletely, this assumed non- 0 - - -
reactivity ofthe B group is 50 - -
certainly less apparent, at 40 - -
least with respect to the 30 _
sheep cell antibody. The 20 _ _ _
graph (VI) presents the S0 s M H SM H S M H S MH
average titers of the three = I_ I
heteroagglutinins for 'each A ..AS - of the four blood groups. GRAPH VI
Here, again, it should be
pointed out that it is assumed that the age distribution within each
blood group is comparable; the sex distribution hasbeen stated above.
It is unreasonable to place importance on the variations here
shown otherthan to emphasize the fact that there are such variations.
The sheep : mouse : hen proportions are in blood group A, approxi-
mately 6: 16:1; in group B, 9 11: I; in group AB, 4: 16: 1;
and in group 0, 8: 15: 1; but it must be noted that an undue pro-
portion offemales, an excess of negative sera, or a marked dispropor-
tion in age-group distribution would,-or could,-easily account for
much of the variation shown.
To subdivide further the figures for each of the blood groups
upon the basis of both sex and age may result in numbers too
small to be of meaning, but since in each group tested the number of
males does not differ widely from the number of females such a
break-down may be permissible. This is done in graph VII, which
shows, as would be expected, that the titers for the female sera
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average higher than those for the males in three of the four blood
groups. The exception, the least common AB group, consistently
shows a reversed relationship, the male titers being for all three
antigens higher than those of the female sera. As it happens, there
were in this classification 16 males, 18 females; numbers which are
-. - - ___ -small but essentially
20 the same. It is also
(o -a _"> u true that with each of
.100I x the sexes there was
*6 - - practically the same
so. number (7 males, 9 fe-
70 _ _ males) of sera lacking
60 - - _ agglutinins for one or
SO _ _ _-_-_-more of the antigens.
40 _ _ _ _ _ _-Also, the average age
30 _ _ _ of the male group was
go._ _ _ 35 years, which would
loJ Z t __ _ tend to give lower
titers; for thefemales, _ A B AB o 29 years, which, con-,
GRAPHVII versely, would predi-
cate higher titers.
Nevertheless, average unit values are higher for males than for
females, indicating that this particular blood group fails to conform
to the usual condition. It thus appears that, in some measure, blood
group, as well as age and sex, may bear a relationship to the anti-
body complement of the individual.
Nothing can be gained by carrying this analysis further; indeed,
it may be difficult to justify a treatment thus extensive. But it does
serve to show that variations occur in serologic pattern, causing one
person to differ from another or a given person to possess at 60 an
antibody equipment different from that which he probably had at
10 or 15; that these variations are not wholly lawless, even though
the laws remain to be defined; and that the mosaic of antigenic
and serologic properties which constitute the individual subjected
to a given antigen stimulation or expected to respond with an
antibody or an immunity possesses inherent variable qualities that
may well determine the direction as well as the degree of the
response. Even "individual variability" does not exist without
cause or consequence, and although it is not suggested, even by
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inference, that the particular serologic properties herein discussed
are in any way a part of that cause, the proposition is made that a
study of the qualities (antigenic as well as antibody) of the host
(the reacting mechanism) may reveal the cause or its correlates.
Let it be noted, finally, that in no instance, have the values for
the heteroagglutinins herein discussed been designated as average
normal values. The sera, for the most part, with which the titra-
tions were madewould not comewithin the scope ofwhat are usually
regarded as "normal" sera. A reasonable percentage of them were,
however, derived from prospective donors for transfusion, and the
values obtained for these as a group differ in no material respects
from the group as a whole.